New flavone glycoside, genkwanin 4´-O-β-glucopyranosyl-(1→2)-O-α-rhamnopyranoside was isolated from the fronds of new chemotype of Asplenium normale D.Don, together with two known C-glycosylflavones, vicenin-2 and lucenin-2. The chemical structure of the isolated glycoside was established by UV, LC-MS, characterization of acid hydrolysates, and 1 H and 13 C NMR spectroscopy.
Asplenium normale D.Don belongs to Aspleniaceae and is broadly distributed throughout East and Southeast Asia, Africa and Hawaii [1a] . Two related species, Asplenium boreale (Ohwi ex Sa.Kurata) Nakaike and Asplenium shimurae (H.Ito) Nakaike occur in the Sino-Japanese area [1b] . Another related Asplenium oligophlebium Baker including var. iezimaense (Tagawa) Tagawa, which is restricted to Iejima Island, is endemic to Japan [1a] . (11), vicenin-2 (12) and lucenin-2 (13), have been isolated from Japananese, Nepalese and Malaysian A. normale and related species [2a-2e] .
Furthermore, Japanese A. normale showed intraspecific flavonoid variations, and was devided into seven chemotypes with various flavonoid combination [2f], i.e., A-type: flavonoids 1, 2 and 3; Btype: 3 alone; C-type: 7 alone; D-type: 1 and 2; E-type: 1, 2 and 7; F-type: 1, 2, 3 and 7; G-type: 3 and 7. Subsequent study showed the occurrence of two new chemotypes in Malaysian A. normale [2d, 2e], i.e., H-type: flavonoids 8 and 9; I-type: 3, 10 and 11. Two C-glycosylflavones, 12 and 13 were found in all chemotypes and related species. Moreover, Another chemotype was found from More recently, a new chemotype containing an unknown flavonoid compound was found in Japan by us (Fujiwara et al., unpublished data) . In this paper, we describe the isolation and identification of the unknown flavonoid in the new chemotype of A. normale in Japan.
Three flavonoids 12-14 were isolated from the fronds of this chemotype of A. normale. Acid hydrolysis of flavonoid 14 liberated genkwanin, rhamnose and glucose, which were characterized by direct HPLC and TLC (aglycone) or PC (sugars) comparisons with authentic samples. LC-MS indicated that each 1 mol rhamnose and glucose was attached to genkwanin. UV spectral survey with various shift reagents showed the presence of substituted 4´-hydroxyl group [3] . Such the flavone glycoside has previously been isolated from the fronds of A. normale in Japan [2a] and identified as genkwanin 4´-O-β-glucopyranosyl-(1→3)-O-αrhamnopyranoside (3) by 1 H and 13 C NMR [2c]. However, HPLC survey showed that 14 is different from genkwanin 4´-O-glucosyl-(1→3)-rhamnoside. In NMR, the proton and carbon signals were assigned by 1 H-1 H COSY, NOESY, HMQC and HMBC. In 1 H NMR, seven aromatic protons for H-2´,6´, H-3´,5´, H-3, H-8 and H-6, and 7-OMe proton, seven glucosyl protons, and five rhamnosyl protons and rhamnosyl Me proton appeared on the chromatogram. Attachment of rhamnose to 4´-position of genkwanin was determined by HMBC correlation between rhamnosyl anomeric proton at δ 6.37 and C-4´ carbon signal of genkwanin at δ 159.8. The interglycosidic linkage was determined as glucosyl-(1→2)rhamnose from HMBC correlation between t-glucosyl anomeric proton at δ 5.42 and C-2 carbon signal of 4´-rhamnose at δ 81.1.
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Since anomeric protons of glucose and rhamnose showed a large coupling constant (J=9.4 Hz) and singlet, it was shown that they are β-glucopyranose and α-rhamnopyranose, respectively. Thus, 14 was identified as genkwanin 4´-O-β-glucopyranosyl-(1→2)-O-αrhamnopyranoside. HPLC comparisons with authentic samples confirmed that other two flavonoids 12 and 13 are C-glycosylflavones, vicenin-2 and lucenin-2.
Though the 1→3 and 1→4 linkages between glycoses are extremely rare in other Asplenium species, they are the most common in flavone glycosides of A. normale and related species [4] . The 1→2 interglycosidic linkage was found for the first time in A. normale and related species. Thus, 14 is the diagnostic flavonoid in the new chemotype in Japan.
Experimental
General: UV spectra were recorded on a Shimadzu MPS-2000 multipurpose recording spectrophotometer according to Mabry et al. [3] . NMR spectra were measured in pyridine-d 5 at 600 MHz ( 1 H NMR) and 150 MHz ( 13 C NMR). LC-MS was measured using an Lcolumn 2 ODS column (I.D. 2.1×100 mm, Chemicals Evaluation and Research Institute, Japan) at flow-rate of 0.2 mL/min, eluting with MeCN/H 2 O/HCOOH (20:78:2), ESI + 4.5 kV, ESI -3.5 kV, 250ºC. TLC was performed on cellulose plastic plates (Merck), using solvent systems: BAW (n-BuOH/HOAc/H 2 O=4:1:5, upper phase), 15% HOAc and BEW (n-BuOH/EtOH/H 2 O=4:1:2.2). Preparative HPLC was performed with a L-column 2 ODS column (I.D. 10×250 mm, Chemicals Evaluation and Research Institute) at a flow-rate of 1.5 mL/min, detection: 350 nm, and eluting with MeCN/H 2 O/HCOOH (20:78:2). The HPLC survey was performed with a Shimadzu HPLC system using L-column 2 ODS column (I.D. 6.0×150 mm) at a flow-rate of 1.0 mL/min, injection: 10 μL, detection wavelength: 350 nm. The eluent was MeCN/H 2 O/H 3 PO 4 (20:80:0.2) for pump A and MeCN/H 2 O/H 3 PO 4 (40:60:0.2) for pump B. The gradient profile was 1.0 mL/min during 0~20 min for pump A, followed by a gradient of 1.0~0.2 mL/min for pump A and 0~0.8 mL/min for pump B during 20~25 min, and finally 0.2 mL/min for pump A and 0.8 mL/min for pump B during 25~40 min. Flavonoid glycoside was hydrolyzed with 12% HCl for 30 min on a boiling water bath. After cooling in water, the solution was shaken with diethyl ether, and the aglycone (diethyl ether phase) and sugars (mother liquor) were separated.
Plant materials:
Eight samples of Asplenium normale were collected from a population in Nachikatsuura-cho, Higashimurogun, Wakayama Pref., Japan on 23 Oct. 2012. All voucher specimens were deposited at the herbarium of National Museum of Nature and Science (TNS) with the number of FT121023-23 to FT121023-25, FT121023-27 to FT121023-31.
Extraction and separation:
Total fresh fronds (1.5 g) were extracted with MeOH. The concentrated extracts were applied to preparative paper chromatography using solvent systems: BAW and 15% HOAc. The isolated flavonoid was purified by Sephadex LH-20 (Pharmacia) column chromatography using solvent system: 70% MeOH. The flavonoid was further purified by preparative HPLC. Flavonoids 14, and 12 and 13 were obtained as pale yellow powder (ca. 20 mg) and pure solutions, respectively.
Identification:
The new flavonoid was identified by UV spectroscopy, LC-MS, characterization of acid hydrolysates (aglycone and sugars), 1 H and 13 C NMR. , 93.0 (C-8), 158.1 (C-9), 105.9 (C-10), 124.9 (C-1´), 128.6 (C-2´,6´), 117.2 (C-3´,5´), 159.8 (C-4´), 56.1 (7-OMe); (4´-rhamnose) δ 98.4 (C-1), 81.1 (C-2), 72.3 (C-3), 73.9 (C-4), 70.9 (C-5), 18.4 (C-6); (t-glucose) δ 107.1 (C-1), 75.8 (C-2), 78.4 (C-3), 71.5 (C-4), 78.8 (C-5), 62.6 (C-6). LC-MS: m/z 593 [M+H] + (genkwanin + each 1 mol rhamnose and glucose), m/z 285 [M-308+H] + (genkwanin).
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